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(57) Abstract 

PROBLEM TO BE SOLVED: To obtain desired optical 
characteristics (such as phase difference and 
Iransmrttance) wrih good reproducibiirty by 
incorporating a specified amt of nitrogen atoms into a 
siBcon carbide nitride film. 

SOLUTION: A siDcon carbide nitride fOm containing ^20% 
nitrogen atoms in the film is produced on a transparent 
substrate 1 by reactive sputtering in a rnbcture gas of 
argon and nitrogen by using a target essentially 
compnsmg silicon carbide. Thus, a halftone phase shift 
mask blank is obtd. Then a resist is applied on the 
shift mask blank by a spin coating machine to form an 
electron beam resist layer 3, on which a specified 
pattern is drawn by electron beams and developed to form 
a resist pattern 3a having an opening part 4. Then the 
halftone phase shift blank with the resist pattern 3a 
formed is patterned by dry etching. Then at last the 
resist pattern 3a is peel-processed to obtain a halftone 
phase shift mask having a translucent pattern 2a of a 
silicon carbide nitride film. 
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aw8«i±o*aiBJi2*jiaaffcfflRfli 

77>£SO>*-7 h->£HitB*>7 hvx^il/cfc 




x . ^a<ba««<D0i*ccsi3Rjsi^3W>a < 4 & 2 0 

4&2 0%&±^£nri>£C4£ftSi4T£^-:7 h 10 
[0 0 0 1] 

[0002] 

>®ta*»l«ciBU ifi«Ofc^*->ttvx£©#a 20 

ft l & c > 4 c ^ raa#£ i; r ^ fc. c 
cc2t»aai)tc^ , $->t3££*©tfifii^*< , fm&xat 

* h v * 4 8£*OB*^3K"Ctt jfe©ttSW 

[ooo3]*cr, iBJsrs^*->sra«rsia:f? 

7fc<D{itgg£5WC 1 8 0S<t-T5C4tcJ:<5aiB^ # * 

[0 0 0 4] ±IEO<fc5tt(lfflS/7 hffittl BMOLe 
ven s onfc&CfcoTSMiSfl. «fSBS5 8- 1 7 3 
7 4 4#&«*>«F&Ba6 2-5 0 8 1 1 #&«CCiBl83 40 

Eia4)B«siai-B»*#se>ti. c0«£»«FccBiia'< 

[0 00 5] «*0<t 5 Sttffli^^ hvx 

**hh«c^-7 h->si**-rs. c®&fficctt*a 
^^a^jivx^cftti^? hja*t»ftn*a#H^ 50 
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[0006] ^-7 h->Sfilffl^7 hftJBtt, 
9 3 8 S9$jS»!Bl9^SHXai9 2 5» p 5 3 5 , 2 
9p-zc-3 (1991) Cca^6tin»S. fitti^ 

7 htt**ft*icrafc«>«:tt. kb* 1 8 o 

* 0CT-5C<fc**a*U». C©fc«MCttd = A/ {2 
(n - 1 ) } - hOKJ*. ABS&#& 

*awn*JBj«m«±c». 

[0 007 ] 04 (a) Cc86*©^-7 h->S(ifr> 
7 b^Z975>9RV (b) CCttfiE*©^-? 

sata^? hv^^^i/c 34 (a) uaw&tiu 

1<D±(C, tiE*4)¥a91Rl 2*HttfcfittHi'7 hvx 
^^7>^-C*>0, 04 (b) ttft*<D¥a?BJf 1 2 £ 
^ £ - >f b b r *a«^' * - > 1 2 a if&lSL UcffctHS/ 

[000 8] CCD^asgil 1 2 4 L-Ctt. T a S i ita 
«3(TaSiO, TaSiN, TaSiON), Crlt 
^ft(Cra CrN, CrON) , WbKfb*-f* 

(S i CO) HJiB8£*0*a«ar*ST 
aS ifb^BB, B*j6r**x*2/vu-lf— ?>i5fe» 
R C A jg«3$©T »J «WCC*f 0 tO?t»ft 

[ 0 0 0 9 ] C Hb£«!«. KJ£tt#X*JBC>TJaM-r 
Crib^ttROfiHW*03t*»tt (tttia. a 

fc«><D«tt*q* < fflM^1^9®Na#ft ^ fc. 

[ooio] *cc, wbKfb^-r* (s i co) mta* 

*frc*4#. ^b^fb^^^fiEJe^tc^^^S^ 
rs£wr#s^#*s<£{bu ^MB#<D^^#tt 

[0011] 

TaSiOE TaSiNl, TaSiONRBttfe 
tt. ^n n niBt4-C. CrOI, C r N!S> CrONt S 

[00 12] *»M«a±OJ:^ttHH^K:#Bl/rJ5c 

sn/c^or, #t<tt. *aw»*«WEi/r^sKa 

{ba*HOil*C!)ajRIBC : f*«lt>'r5CiK:j:»), BFfS 
[0013] 
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±©*aWR#^fb8*R*6&4^-7 h->Mft 
*6cRJRiH-f #d>4 < 4 fc 2 0 %fiLb£4 ftTt, > £ C 4 

*»*4r5^-7 b->^ms^y 

[0 0 1 4] Sfc, »*I2CC*i^rB, aiBSIR-btt: 
SStt^Rfr6tta*aWR*><*->fbLTtta^ 

-7 h->Mfiti^^ hv^cc&oT* KgsafbasR 10 
moBMcmmfc+v 2 0 %«±£* o s c 4 

»4TS^-7 h->3i{ifr>7 h^X^4l//cfeCD-C 
*5. 

[00 15] 

rfESShfc^-? hvx^oDBiwia 

[0 0 1 6] ##S9J«, KRfbS* (S i CN) R*¥ 20 
aWR4L,-CffiJflU ^<l^*R©R*©SJftR*4 
f»T*C4(Cj:r), BrRcWfc§q*tt <tt*82<l>> a® 

*«Tcc*r. *r> *awara5g»{b8*Rcwfc 

5q#tttttttia<l> : 1 8 0S, a$$T : 5-1 

[o o i 7 ] cc-e, ±lso^^ ({4t@M$, ai@ 
ST) 4R«d*8ISrSfc«)CCtt, H2<D£M8<Di5H 

comimn 4rH*ff»k*#rs*awJi*jBJSL , r^ 

$ 5 %<D 2 *<Dffl«©lfflCC Ji»r$ n 4 ftiSffift k **A* 
4. *©RttfiWISl 8 0KOBSK:, m$Mb~~\5% 
©B«ffi*M/cLTl>SC4*^Lri»S. 

[0018] ?wc. s i c (mus*) *s«e»4 ufc 

CCiiSjcEtt^^v *fcJ:oa?B*K±Cc&R{b&*R 

*77>**S5. cct. &S<bfflRR<DR*©R* 

M^ttSe^fcRtoaWtttcKtfSaHL. R*©R3R 40 
IS^OSWa* 1 2 0 %WT©i8^ 2 4 8 n mf (£>ai&^ 

#5 %wr: & o > aa*o^»*i*^* < as 4#« 

©KR{ka*Rrtt. Ripoaajsi^odwaoSEfbcc 
»ur*^l#tt6!«{btil»^cctts. c<dc t R 
*#*auw**4>£{b <> . bttiM* 

T\ ^1$ttOWHtt^WSPtt3WSB-C*SC4*^U 
[0019]^«c, C©^-7 h->S(4tl^7 hv^ 
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7 h->atM§£/7 h^X^ff*. ^R{Ui 
*R©R*0S*K*S*r«*i2 OXeitCCfcoT^S 
/cab, »6*x/c^-7 h->MfitB^7 hvx^cD&i§ 

«l r^yjsiERVRCAasfiKccwi/, *»a«D a Di» 

[0 02 0] 

[iww]ttT. hk m2Rvm3%mi<>x, mmm 

&BK r Fx+^vU-1f(D2 4 8nmit^ 
[ 0 0 2 1 ] *r, »*»#©£fiS53e*/5**« (/I 
$2. 3mm, 5 -f *>&ttSaW»El 

^-rt(CTJl/=f>^SD f R3R^4*A0. SiC£ 

i/7h7^^y7>mHLfc (HI (a)#JH). 
[00 2 2] X^ Z1&D7frJ^#Zt&MlfZQM 
x««tb*aAr«RLfcRR{bS*R©*^5E» OS 

&Rjt> aa*©ffi*ttffl*ia3cc^f. ccr, ^jg 

«<D-W*5rT4, WAax;<7 £#XffiSJ±A r/N 
2=14/1 ri^bfc£Rfb&RR0H0r$t£2 .4 
5t*l>OT, &S2 4 8nro<DB3CC{iffl£Jgi£*f£<D 
CC#S&R«tt8 5 5:*>yxhD-A4&S. C<Df$ 
©aa*«7. 0%4/cC^ o Jt«©/c«)fCT;l'=f>^ 
®#?JiSR L/cR©#ttffi fein* . 
[0 02 3 ] ccr, 7;un>#x4^#x©#xz£ 

SJ:b^^r^Rb/c^bIi*R-CBg^^X<D?SS 

ibtfrao^cBecstfbs-Bfcccfeaber, Jiffi^n : 

2.45-2. 1, R/fd : 85 5- 1 1 2 7*>^X 
hn-A, a®ST : 7 . 0-14. 4%4=ttflat§4 

Lfc*w#tt <tt«R<i> : 1 8 os, mmmr : 5- 1 
5%) *M/c-rc4**r*/c. c©ci», K^ibS* 

R©R*©R*R-?*W«3W>tt < 4 4> 2 0 ««±*ti 
«±IB36^i|*tt*M/c-rc4*«'CtSC 4*5^0, TJU 

^>/^8ttJtoEc«Hr*^tt*ttfc-r c 4# 
r#-2> 0 «±<o»««JKfefr-c»6tifcKR{ba*R© 

jt^3E»*H2 cc^p b L/c3eat»m*>««SBrtcc 

ASC4*iflB8-C*/c. 

[ o o 2 4 ] ;*ec, mnmfo i ±«cKR{ba«R*6ft 

S*aMR2*}BJiEU/c^-7 h->Sffl[ffl'>7 hvx 
I, *«|U^XhR3*»«L (01 (b)#JH), 

h^"*->3 a*fl5RXL/c (01 (c)# 

R) . 

[0 0 2 5] WC, U^F^$->3a«3n/c 
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h->MWtBis7 hvx^7>^J h*7^fx-; 

ftiL-cti. mno? vmjkfixfc&%R i e (sisti 

B^6fc£*aH^£->2 a£W1"£^~^ h->S 
(4tSi>7 hv*££ff/c (01 (d)#flS). 
[0026] 

( 1 ) iglcD^a^Jf-CfttS^ : 1 8 OK, 
T: 5-1 5%©3fc^£»tt*«fc-rc<!:)6«-C#S. 

C 2 ) ±E^«ptt*«te^»H-COfflWr¥n tt2 . 1 
-2. 5CDfc0#f#6*i. B/f : 10 00±2 00*> 

5. 

(3) ±iEj^^t»fcr*aW)I©ail^©fW8P 

(4) b->mm%i/y b-?z?im& 



(b) - (c) h->aaffl^>7 hv* 

(d) *S910^-:7 h->Mfita>7 hvX££)$J& 

«fi2 4 8nmKfcW*3&£5ES[ <ffl»r*iK ?gS?<&& 
k) *jRl//cBiqHB|-C*S. 
10 [03] Art? *#<DT fossil A bW3kiiX<D13Afa 

[04] fi£3fe<D^-7 h->S14fflS/7 hvx^^7> 

i . ii mmk 

20 2, 1 2 ¥39Jft 

2 a, 1 2 a ¥»91^5r-> 

3 m^su^x Wf 

3 a h^'£-> 

4 ggpsu 



[0 1] (a) h->ia«->7 



[0i ] 



[02] 



(a) 



(b) 





IM3] 



Ar/N, 


n 


m**6 

k 


^11 


% 




1 5/0 


3.06 


1.552 


596 


0.5 




1 4/1 


2.45 


0. 560 


855 


7.0 


21.2 


1 0/5 


2.1S 


0. 365 


1.078 


11.8 


34.0 


6/1 0 


2.00 


0. 314 


1.127 


14.4 


35. 6 
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